Abstract-This paper presents a MIMO channel measurement for indoor environment. The results present the comparison of channel capacity by using beamforming technique in MIMO systems. Also, polarization diversities (vertical and horizontal) are introduced to reduce multipath fading issues. The measurements were conducted at 2.4GHz with Line of Sight (LOS) scenario.
I. INTRODUCTION
Nowadays, multiple antenna technique also known as MIMO system has gain attention of many researchers. The MIMO system increases the channel capacity without increasing the power transmit or having a large bandwidth [1, 2] . Generally, there are three categories of MIMO systems [3] . The first is spatial diversity which can be obtained by placing separate antenna in a dense multipath scattering environment [3] . The second category is spatial multiplexing where an independent data is transmitted over different antennas and the final category is beamforming technique or network.
In this paper, beamforming network is used to construct the MIMO system. Beamforming network can be implemented in two parts. The first part is the digital signal processing (DSP) while the second part is related with the RF front end device [1] which is the focus of this paper.
Generally, there are several types of radio frequency (RF) beamforming networks such as Butler matrix, Blass matrix and Nolen matrix [4, 5] . In this measurement, Butler matrix was used because of several advantages such as simple circuit and low cost implementation [4, 5] . The term beamforming network can be described as device/apparatus in which energy radiated by an antenna is focused along specific direction in space [5] . Moreover, diversity technique was introduced in this measurement setup. The diversity is used to reduce the fading issues and multipath problems [8] . By implementing diversity, the received power can be increased significantly, thus increasing the capacity of the system. Polarization diversity, angle diversity and pattern diversity are among the examples of diversity technique.
II. MIMO CHANNEL MATRIX
Each of antennas in MIMO systems has its own vector. The transmit antenna vector is represented as x and the receive antenna is represented as y vector. The MIMO channel inputoutput relationship can be expressed as:
where the '1 is the noise and H is the MIMO channel matrix. The MIMO channel matrix size is depending on the number of transmit and receive antennas. The channel matrix size can be express as below: 
where N was the number of transmit because there was no setting channel state information (CSI) at transmitter. 2.J was the eigenvalues from the matrix, H while the noise power of76dBm was obtain from measurement.
where M was the number of transmit antenna and N was the number of receive antenna. The Pi} was represented as the correlation between transmit power and receive power where i th was the input port andjth was the output port signals. The Pi} components were direct depended on the physical characteristics of the propagation environment and also the structure of the antenna array [1, 6] . Correlation coefficient was a statistic method to measure the correlation between two variables. The correlation coefficient can be calculated as:
The channel matrix, H will be analyzed for each type of antenna configuration which can be referred in Appendix. The eigenvalues can be calculated to estimate the receiving power for each eigen paths. The eigenvalues were calculated using singular value decomposition (SVD) technique. The calculated eigenvalues were related with the MIMO average channel capacity by using the equation below [6, 7] : III. MEASUREMENT DESCRIPTION The 4 x 4 MIMO indoor measurements were conducted at 2.4 GHz with Line of Sight (LOS) scenario where the distance between transmitter and receiver was 12 meters. The Butler matrix was placed at both transmitter and receiver sides. The microstrip 2x2 rectangular array antenna was used at both transmitter and receiver sides. In Fig. 2 when all the receiving antennas have horizontal polarization, it shows that the average channel capacity is decreasing after the antenna separation is set to 12cm. Meanwhile, by set all the receiver antenna to have vertical polarization, it shows an improvement especially for (E). The average channel capacity is increased from 36.09% to 44.33% with different 8.24%. In (F) 
B. Distance Between Transmitter and Receiver Comparison
In Fig. 4 when polarization diversity apply at transmitter and receiver for 6cm antenna separation, the average channel capacity is decrease from 39.38% to 32.61 % and increasing to 39.83%. In the meantime, when the antenna separation is 12cm the average channel capacity is increase from 31.87% up to 43.89% and decreasing to 35.15%. When the range of transmitter and receiver is decrease to 3 meters, it seems that the average channel capacity is increase compare to distance of 12 meters. Thus, maybe because of the increasing level of signal strength at the receiver. By set the all transmitter antennas by having horizontal polarization, the average channel capacity is decreasing when the antenna separation 12cm. In (G) the average channel capacity is decrease from 44.07% to 40.76%. For (H), the average channel capacity is decrease from 43.24% to 29.16%. After set all antenna at transmitter having vertical polarize, it shows an improvement when the antenna separation is doubled. In (I), the average channel capacity is increase from 36.09% to 45.43%. While in (J), the average channel capacity is increase about 2.06%. Fig 6 shows when the diversity is applied toward transmitter antenna and the receiver is remaining horizontal polarized. When the range between transmitter and recei ver is decrease, the receiver signal is increase for all types of configuration. There were two high value indicated at configuration (C) 48.84% and configuration (E) with 47.21 %.
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In Fig. 7 , (0) and (H) all antenna at transmitter have been set for horizontal polarize. The graph show, the distance of 3meters have a high average channel capacity with 48.07%. After the antenna at transmitter is change to vertical polarize, the distance of 12 meters show a good results. Which is 45.25% for (I) and 42.14% for (J). When the polarization diversity is applied toward transmitter and receiver, the distance of 3meters is still shows good results compare to the distance of 12meters. The high value of average channel capacity is found at (N) with 52.5% V. CONCLUSIONS When decreasing the distance between transmitter and receiver, the average channel capacity is increase but only a few of configuration is decreasing the average channel capacity. This is because the signal strength is increase due to the decreasing of transmitter and receiver range. In the meantime, when the antenna spacing is doubled some of the antenna configuration show high average channel capacity. 
